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In this work, we present two possible venues to accomodate the iCF-type Lorentz-symmetry 
violating Electrodynamics in an N — 1-supersymmetric framework. A chiral and a vector superfield 



C ' are chosen to describe the background that signals Lorentz-symmetry breaking. In each case, the 

-K^nA-tensor is expressed in terms of the components of the background superfield that we choose 
to describe the breaking. We also present in detail the actions with all fermionic partners of the 
background that determine K^ VK ,\. 

or 

D , PACS numbers: 11.30.Cp, 12.60.-i. 
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I. INTRODUCTION 



The Standard Model Extension (SME) is the natural framework to investigate properties of Lorentz-violation in 
physical systems involving possible extensions of Higgs mechanism. The SME is by-now a very estimulating research 
area and a great deal of results have been attained which include bounds on the photon mass [l| , radiative corrections 
0|, systems with fermions neutrinos fl, topological defects 0], topological phases @|, cosmic rays Q, particle 
decays Q . and other relevant aspects Q , [l(| . The SME has also been used as a set-up to propose Lorentz-symmetry 



violation ll[ and CPT- probing experiments 12], which have amounted to the imposition of stringent bounds on 



the Lorentz-symmetry violating (LV) coefficients. 

To take into account how this violation is implemented, in the fermion sector of the SME, for example, there are 
two CPT-odd terms, V fl tpj^ip,b fl ipj5'y ,J "ip, where v^b^ are the LV backgrounds 13], 14|. A similar study has also 
been developed for the case of a non- minimal coupling with the background, with new outcomes [lit ]. Atomic and 
optical physics are other areas in which Lorentz-symmetry violation has been intensively studied. Indeed, there are 



17], which contributed 



several works examining Lorentz-violation in electromagnetic cavities and optical systems 16[ , 
to establish upper bounds on the LV coefficients. 

The appearance of a more complex background, with the existence of an anisotropic vacuum at Planck scale has 
drawn the attention of particle and field theorists in recent years. Taking strings as the fundamental entities at this 
level, the idea that Lorentz-symmetry and CPT invariance might be spontaneously broken in some string theories 
became highlly estimulating 18, 2l|. Very recently, the surprising result that CPT- violating neutrino mass-squared 



difference would be an order of magnitude less than the current uper bound on CPT- violation in the sector of quarks 



and charged leptons has come to give more support to the proposal of Lorentz-symmetry violation 19( , 20( ■ Actually, 
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the idea of a CPT violation in the neutrino sector had been contemplated by Colladay, Kostelecky and Mewes [21 1. 

Our main motivation to consider a supersymmetric scenario in connection with the violation of Lorentz-symmetry 
is based on fact that we adopt the viewpoint, according to [18], that the breaking of Lorentz-symmetry may be 
triggered by the vacuum condensation of a given tensor field. Nevertheless, at this scale where Lorent-symmetry 
takes place, we may still have supersymmetry (SUSY) or, even if SUSY had already been broken down by some 
mechanism, supersymmetric partners are present and SUSY imprints are not lost. So, by adopting this scenario, we 
argue that Lorentz-symmetry violation, as originated at a more fundamental level in the string framework, cannot 
be dissociated from SUSY. We do not have however elements to decide whether SUSY breaking has occurred before 
Lorentz-symmetry violation, though the breaking of the latter signals the violation of the former. However, we would 
like to point out that, in the work of Ref. [32j . Katz and Shadmi, present an interesting discussion in the role of 
vacuum expectation values that violate Lorentz symmetry as a possible to realise SUSY breaking by F- and D- terms 
in the MSSM. 

To implement effective Lorentz-symmetry- violating actions in supersymmetric models, one may adopt a superspace 
formulation with Lorentz and, in some cases, CPT invariances violated by a fixed background in Wess-Zumino-like 
models }22|. In the gauge sector SUSY-preserving theories where discussed in [23]. Also in the gauge sector, the 
proposed [251 ] establishes a supersymmetric minimal extension for the Chern-Simons-like term [241 ] preserving the 
usual (1 + 3)-dimensional SUSY algebra. The breaking of SUSY will follow the very same route to Lorentz-symmetry 
breaking: the statement that u M is a constant shows thar SUSY is also broken by the fermionic SUSY partner of v^. 

Besides the CPT-odd terms, in the gauge sector, we have the CPT-even part, which is represented by a tensor 
j£\ivap ^at presents the same symmetries of the Riemann tensor, as well as an additional double-traceless condition 
[2^|. In this scenario, we present two possibilities of constructing a supersymmetric version for the if- type models. 

So, we propose to carry out the supersymmetric extension to the bosonic action below: 

S = -jjd 4 xK^F^F K \ (1) 

The "tensor" K^ UK \ it's CPT even, i. e., it does not violate the CPT-symmetry. Despite CPT violation implies 
violation of Lorentz invariance [3o[, the reverse is not necesarily true. The action above is Lorentz-violanting in 
the sense that the "tensor" K^ vll \ has a non-zero vacuum expectation value. That "tensor" presents the following 
symmetries: 

K^kx = if[^][ K A], K^kx = K K \fj, u , = 0, (2) 



as usually appears in the literature, we can reduce the degrees of freedom take into account the ansatz 261 ]: 



K^ukX — — (rj^^KjjX — Tj^x^un + ^i/A^/iK — VvkK^x) 5 (3) 



1 / /// 



= «(^-^rw4), (4) 



« = \w*tev, (5) 



where h 1 *" is a traceless "tensor". Using the ansatze ([3]), dU, in expression (p}, we obtain, 



(6) 



The supersymmetrization of the action ([5]), instead of ([TJ, does not yield higher-spin components in the background 
dictated by SUSY. To realize the supersymmetrization ,we have two possible routs: to achieve supersymmetrisation 
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of |T]) with K^vkx given by (J3j) , without the particular expression ((4]) for we get that the background superficial 
must be chiral. On the other hand, if we are to supersymetrise ([T]) with K^ K \ given by (|3|) and k^ v given by (|4]), we 
conclude that a vector superfield must be used to accommodate the background vector, £ A . The content of partners 
is richer in this case than in the case of the chiral background. The first route accommodate the chiral superfield as 
9a^9duS, while the second, is carried out by a vector superfield accommodate this "vector" background as 9(7^9^. 

This work is organized as follows: In Section 2, we start with the model of Lorentz breaking proposed as K^ VKi x 
by Kosteleky. In this Section, we first study the possibility that the background tensor, K^ VK \, be originated from a 
background chiral superfield, which imposes a special form - not yet discussed in the literature - for the K— tensor. 
Then in Section 3, we proceed by investigating the possibility that K^ VK \ originates from a (real) vector superfield, 
which exactly reproduces (Q]) with the K— tensor defined by means of ([3]), and (U). Finally, some Concluding Remarks 
are stated in Section 4. 



II. FIRST PROPOSAL: LORENTZ-SYMMETRY BREAKING BY A CHIRAL SUPERMULTIPLET. 

Based on the work of Ref. [25$ . we take the idea that the background vector could originate from a chiral 
supcrmultiplet, ft. As we shall see, this imposes on £ M the constraint £ M = d^S, where S is a complex scalar. Indeed, 
as it will become clear at the end of calculations, this choice of SUSY supermultiplet yields an interesting form for 
K^ uti \, completely fixed by a complex scalar field. We then show that the superspace action below shall accomplish 
the task of yielding the component field extension of the action of eq. ([5]) • 

Adopting covariant superspace-superfield formulation, we propose the following minimal extension for: 

S = kJ d 4 xd 2 9d 2 9 {(D a n) W a (DJ})W & + /i.e.} . (7) 

The superficlds W a , V, 51 and the SUSY-covariant derivatives D a , D a hold the definitions: 



Da = -^+KJ%, (8) 



from D h W a (x, 9, 9) = 0, and D a W a (x, 9, 9) = D a W a (x, 9, 0), it follows that 



W a (x : 9,9) =-^D 2 D a V. (10) 



Its 0-expansion reads as below: 



W a (x, 9, 9) = \ a (x) + i9 h a^6%X a (x) - h 2 9 2 U\ a (x) - 



+ 29 a D (x) - i9 2 9 d a a t a d u D (x) + a^ a %F^ (x) 

- ^fo&P&daF^ (x) - ia&fy A d (i) 9 2 , (11) 

and V — V'. The Wess-Zumino gauge choice is taken as usually done: 

Vwz = 9a"9A f ,(x) + 9 2 9X (x) + 9 2 9\{x) + 9 2 9 2 D, (12) 

so the action (JJJ is gauge- invariant. The background superfield is so chosen to be a chiral one. Such a constraint 
restricts the maximum spin component of the background to be an s = ^ component-field, showing up as a SUSY- 
partner for a spinless dimensionless scalar field. Also, one should notice that f2 has dimension of mass to —1. The 
superfield expansion for then reads: 
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DM(x,9,9) = 0, 
consequently fl (x, 9,0) = S (x) + V26( (x) + iBo^Qd^S (x) + 



2 g (x) + -^e 2 6a^d^ (x) - -e 2 e 2 us (x) . (13) 

v 2 4 



With its SUSY transformations given by 



5S = V2e a ( a , 

5{ a = V2Ge a + iV2<j^ e"d^S, 

SG = iV2e^ &a d^ a . (14) 

Notice that, if we wish to have d^S constant (as we shall get in the sequel, a constant d^S give us a constant 
K^vkx), so that S depends lenearly on x^ , SUSY is also broken by the backgroud, as the expression for S( shows: 
if we apply a SUSY transformation on an f2-superfield for which S ^ 0, ( = 0, G = 0, then SC, ^ whenever 
d^S 0. So, to realise the breaking of Lorentz-symmetry in terms of an Q with a constant d^S, then SUSY is not 
an invariance of the background Q. However, as it stands, we have an effective model which may descend from a 
more fundamental theory in which SUSY might be spontaneously broken. At this stage, we have no commitment 
with any specific mechanism for SUSY breaking. 

The component-wise counterpart for the action (JTJ) is as follows 1 : 

S = kJ d 4 xd 2 8d 2 8~{(D a n) W a (Djl)W* + /i.e.} = S boson + S fermlon + S coupled , (15) 



'boson 
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-dxSd^iF^F^ + F\F K ») + -d x Sd x S*F^F^ 



d 4 x<^ - 16 

2De XflTp dxSd f ,S*F Tp - 2idxSd fl S*e XTpK F Tp F>* „ + MDdxSBpS* F 3 * + 
-2Dd x Sd tl S*e x ^ K F l , K + 8D 2 d fl Sd fl S* + 16D 2 \G\ 2 + h.c. \ , (16) 



S f er mi on = k / d 4 x{ ^dx(a» d^Xa* A + ^d x {a»A\a%( + 2d^d»X(X + 



^dx(a x d^\<r»\ - 2dx(<T X a»d^\(\ - ^Xcj^dxC^X 



~{d v Xd„Ca u <T>*X + (d^X^X - 2(a^d^XC^ d v X + h.c. 1 , (17) 



1 the ref. [3lll has been used in our calculations 
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Scoupied = K J d 4 x^-4iDCa»d^(-2V2iDGX^d^\ + 2V2Dd u \a l/ a^Cd f ,S* + 

+ 2D(a u d^F v >* + iDe Tppa (a a d p {F Tp + V2G* (a* d„AF/ + 
+ — ^= G* e Tppa (a a d fl \F Tp + ^2i^a T a v d v \d p S*F T p + 

—e T Pi ia C,(T a d l 'd ll S*d v \F Tp - 4V2iG* D(a p d p A + 

v2 

+ 2V2DCd p \d p S* - -^=e" VKT C,d T \d^S*F VK + -±^ e » VKT td^S* F VK + 

- 4iD 2 (a»d p ( - 2Dlo v d^F v » + iDe^ a Ca a d^(F„ K + 

+ 2V2iDG*d p (a p \ + 2Dd p (a T (F T p + iDe Tppa d p (a a (F Tp + 

+ 2d p C,G r G VK lF VK F T p + ie Tppa d p io a G VK lF Tp F VK + V2d p (a T \F T p + 

+ —=E Tppa d Pi C 1 (j a \F Tp - 2V2iGD\a p d p C + 2i \G\ 2 \cr p d p \ + 
\/2 

- 2id l ,Xa u a p Xd p S* + 4V2iGDd p \<r p ( - 2V2iGD(a p d p \( + 

- V2G(a p d T \F p T + ^=Ge pura Qa a d T \F pu - 2i \G\ 2 Xa p O p X + 

v2 

+ 2V2Dd p S(d p \ + V2id„ (AC) d x SF Xp - l^^PQ^ (AC) d x SF Tp + 

V2 

- 2V2D\d p (d p S + 2^f2Dlo p o v d v \d p S - V2i(a l 'a^d^XF^S + 

— e '" sXa fc a o ,l dp\F VK dxS + 2G*\d p a u d v \d p S ~ 2V2d p Sd p D(\ + 

v2 

+ V2Dd v Qo»5 p \d p S* - -^d x dxC\o u d p S*F u p + -^j=e p,JKa \a a d x dxCd p S*F UK + 

- \dxQa X \\(T p d p C + V2D\a x a p dxtd p S* - -^dxC^^XO^F^ + 
2 \/2 

' e p » Ka dx(a a a x \d p S*F UR + h.c.\. (18) 



2V2 



We notice that, in trying to supersymmetrise the £, p £uF p F Kly -term, we automatically get the supersymmetrisation of 
the term £,x£, X F 2 . This is not a simple coincidence, but it can naturally be expected from an analysis of the irreducible 
representations of SO(l,3). We conclude that, in the case the background supcrneld is chiral, we are able to write 



down the supersymmetric version of (HJ with K puK x given by 26[ : 



K puK x = -16 (ri kp k u x - tj^xRuk - V„ x k pR - ri k „k p x) , (19) 

with, 



d p Sd v S* + d v Sd p S 



p UU vt J T UvUU p U \ x 



- d x Sd x S*r,^/A \ , (20) 



and 



K p \ v = 0. (21) 

Concluding, this special form for k is a natural consequence of the assumption that a chiral superfield carries the 
background that breaks Lorentz-symmetry. 
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It is worthy to notice that k, and consequently K, depend exclusively on the scalar component S. No (^-condensate 
and no G-dependence appear in the expression for the K-tensov. Since the action (1151) is quadratic in fi, one might in 
principle expect that tensor bilinears in £ could show up as contributions to K^ VK \. However, the if -tensor depends 
exclusively on the gradient of S. It becomes clear that a constant d^S ensures the constancy of K fJiL/K x, as we had 
already anticipated. In a particular case, where the background fields d^S ^ 0, ( = 0, and G = 0, we have that the 
auxiliar field, D, is given by ( we suppose the supersymmetric version of the -F^-term is added up), 

= 8 K id ll Sd v S*F>"' 

16 + Z2nd^Sd^S* ' 1 ' 

It is interesting to comment that, by virtue of (|22p . which is valid in the conditions above for the background, the 
breaking of Lorentz-symmetry, fixes the auxiliary field to be non-trivial, even, if the gauge potential superfield (V) is 
not coupled to matter. The backgound, as (|22[) shows, determines D by the gauge field strenght, F^ v . However, if 
supersymmetric matter happens to be minimally coupled to the gauge field, then (1221) indicates that charged scalar 
particles (selectrons, for example) may acquire a magnetic dipole moment given in terms of the vector /2 = v x v* , 



where v = VS. This investigation is being pursued and we shall soon report on it 29 1. 



III. SECOND PROPOSAL: LORENTZ-SYMMETRY BREAKING FROM A VECTOR 

SUPERMULTIPLET. 



Adopting covariant superspace-superfield formulation, we propose the following minimal extension of ([5]) for: 

S = nj d 4 :rd 2 6>d 2 {(£>"£) WaiD^W 61 + /i.e.} . (23) 

W a is the superfield strenght of the gauge supermultiplet Vwz, as given in eq. ([1]). 5 is the so-called vector 
superfield, whose 9— expansion is as follows: 

H (0, 6) = C + 9 X + Ox + 2 M + 6 2 M* + 6^6^ + 6 2 9tp + 2 6tfj + 6 2 8 2 B. (24) 

In the special case of constant background component fields, the SUSY transformations simplify and acquire the 
form below: 



5C 




SXa 




sr 




SM 


= £d^, 


SM* 


= e Q Xa, 


5^ 






= 2s & B, 


dipp 


= 2e B, 


SB 


= 0. 



In the general case, B transforms as a total derivative; only for a constant ^-background, we get SB = 0. Notice that 
we are taking the full ^-expansion for S. Nothing like a Wess-Zumino gauge can be taken, for H is a fixed background 
and is not a gauge super-potential. 

The superaction in component fields is given by, 
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S = K J d^xd 2 Qd 2 6\{D a E)W a {D & E)W & + /l.C.} = S boson + Sf erm io n + S coupled ; (26) 



S boson = K / ^ <| 2 ( -^u^F"* + Ux^FuvF* 1 



+ - A tx^£ XTpK F rp F\ - 2D 2 ^ X + 8\M\ 2 D 2 + h.c. \ , (27) 



4 

where we can readily identify the action ([T]) with K pvK \ given as in ([3]), and Q 



S fermion 

— k Id x < — iipa^d^XxX + ipXijjX + —d p Xa p tpx^ + ^Xd^Xa^x 



-Xa^xd^X + A 2 ^A + ixXd^Xa^ - i x XTpa^d p X + /i.e. } , (28) 



5, 



coupled 



K Jd 4 x^- - A i X X^D - I X A^F% + 

^Ae^^i^ + 4 X A5# + D X <r»xd v F% + 
-De^ a x<y a xd^F VK - 6iDM* X a»d li X + iDd v Xo v o^ x ^ + 



+ M* X a T d„XF T " + l -M*e Tppa X a a d p XF Tp + \ X ^ r o v d v X^F^ 
+ l -e Tp ^ a cj a a v d v X^F Tp - 2D X <J Tp XF pT + ^A^A + 
+ ixd^Xe - xfx^DFS + l -e^ a xa aX d P DF UK + 

+ iMDd p Xa P x + l -MXa K xd P F» K - -Me^Xg^F^ + 

- i\M\ 2 X<j p d p X + iM d v Xa v a* X^ - 4MDX 2 + 

- \x^d p XF„ p + l -e^ a X a Q d p XF„ K + l -M*8 p Xa p X + 

+ iX^duW^ - l -Xa»d p M x e - \e x ^ a Xa a d v M x ^ + 

+ ^e VKXa Xa a i>ixF VK - BXa^ + xd,M^ + 

+ \e TpvX xd,X^F Tp - l -Xa p X^F x p - js Xrpa Xa a X£xF rp + 

- iDd^Xa^xtx + \d^o K xtixF X K + l -e x » Ka d p X<j»a a xtxF 
\xMxd„F x » 1 

1 

-_ v . ~. x 2 

1 

4 



iM*d fl ~Xa"a x Mx - ^xKxd„F Xv - % -xXe TpvX i x d v F rp + 
^D 2 x^ + Dxa UK $F UK - 2M*D$X - ^<j t X^F t ^ + 

e Tppa ^a a X^F Tp - BXa^ + 4BDx~X + h.c. \ . (29) 
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The terms in the superactions (fT5)l and ((26)) have the same form with the factor (D a Q) W a replaced by (D a E) W a . 
Then, we obtain the right combination, i. e., ^^uF^ K F KV + ^x^F^F^. To get the term, ^^F'" K F KU , we could 
also propose the action below: 

S = kJ d 4 xd 2 (9d 2 fl {(ITS) (D a E)W p Wis + h.c.} . (30) 

Also in this case, when we supersymmetrise the ^^vF^ K F KI/ -term,, automatically comes out £,x£, x F 2 . So, we have a 
second way to build up the supersymmetric extension of the term y^^vF^ 1 K F KU + ^x^ X F flv F^ ]/ ). We just mention 
this possible second way of working out the supersymmetrisation of (j6]) by a vector superfield background, but we do 
not exploit here this second possibility. This is why we do not project the superfield action (|30[) into components. 

Though we formulate our model in terms of superspace and superficlds, the tensor calculus of supersymmetry, we 
would like to point out that with a Lorentz-symmetry breaking, in the chiral case given by d^S =/= 0, in the vector 
case parametrized by £ A ^ 0, SUSY is readily seen to be broken by the background. But, as it was emphasized, we 
do not have elements to decide whether SUSY breaking has occurred before Lorentz-symmetry violation, though the 
breaking of the latter signals the violation of the former. 

IV. CONCLUDING COMMENTS 

Our effort in this paper has mainly consisted in finding out possible N = 1 supersymmetric scenarios for the K— 
tensor- realized Lorentz-symmetry breaking considered in the literature ( see the Refs. quoted throughout the present 
work) . 

We propose two viable descriptions. The first approach is based on a chiral superfield that accommodates the 
content of the background responsible for the breaking of Lorentz-symmetry. In this case, a complex scalar is the 
source for K^ VK \. The constancy of the K— tensor is ensured by the linear dependence of S on the x^— coordinates. 
An interesting question to be investigated is the analysis of the photon - photino mass splitting in terms of the 
background field components, specially if the fermion component £ is a non-vanishing constant background. From the 
expression for S coup i e d in eq. (|18|) . there result interesting terms that mix the gauge superfield components (A 11 , A, and 
D) in bilinear terms where the (constant) background fields are also present, as mass parameters. The task of getting 
the < A^Ay > — < A^X > — < XX > — < XD > — and < DD > —propagators demands special technicalities ( 
Ficrzings and spin-projection operators) and, once these tree level 2— point functions are worked out, we can read off 
the propagator poles and discuss in terms of the background components ( S*, £, and G). The role of the background 
fermionic condensates become clear after the propagator poles are identified. 

This discussion holds through also in the cases of a vector-superfield background that carries from which K^ K x 
is expressed. This case exhibits a richer background and fermion condensates that mix \ an d ^ ( see eq. ([29)) ). in 
addition to the \~ an d ^—condensates become important. 

So, to our mind, in either case, the important question that our study may raise concerns the influence of the 
Lorentz-symmetry violating background on the spectrum and which restrictions it should have so as to avoid the 
appearance of non-physical excitations, such as tachyons and ghosts. 

Finally, a non-trivial question that remains to be addressed to is the relation between SUSY and Lorentz-symmetry 
breakings. We treat the latter in a supersymmetric formulation and, as we have previously commented, our back- 
grounds (both n and H) are not invariant under SUSY. They simply express the fact that Lorentz-symmetry breaking 
does not support exact SUSY. However, by no means, we are stating that we break Lorentz-symmetry and SUSY at 
the same time. SUSY could have been broken before, by some more fundamental mechanism, and Lorentz-symmetry 
breaking takes place in an environment which still keeps the inheritance of SUSY through the whole set of supersym- 
metric partners. This is why approach the deviation from Lorentz-symmetry in connection with SUSY. However, it 
would be an interesting task- and we shall soon concentrate on this point - to build up a model such that, when- 
ever SUSY is spontaneously broken, some tensor field (that belongs to some supermultiplet of the model coupled to 
the superfield responsible for the breaking of SUSY) also acquires a non-trivial vacuum expectation value and the 
Lorentz group simultaneously undergoes spontaneous symmetry breakdown. This sets out another possibility, with 
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a contemporary breaking of SUSY and Lorentz-symmetry. We are considering this situation and we shall report on 
it elsewhere. 
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